The results can be explained on the basis of the separate mechanisms theory of Hf and Cl-ion secretion on the assumption that the resistance in the Cl-ion limb of the circuit is considerably lower than that in the H+ ion limb of the circuit.
I N PREVIOUSLY PUBLISHED WORK (I, 2) it was found for dog and frog gastric mucosa that the onset of acid secretion was associated with a transient increase in the potential difference (PD) and a sustained decrease in the electrical resistance. The ratio of the PD to the resistance is the predicted or calculated short-circuit current (current flow when transmucosal PD is maintained at zero (3) ). With the onset of secretion in both dog and frog gastric mucosa, there is an initial increase in calculatkd short-circuit current.
The actual short-circuit current was measured for frog gastric mucosa, and it initially increased as predicted (2) .
It was also found that inhibition of secretion was associated with an increase in resistance and with changes in the PD. These and other findings can be interpreted on the basis of the author's theory of separate mechanisms for the secretion of Hf and Cl-ions (4), with the added postulate of a 
METHODS

Eleven experiments
were performed (4 with the electric ray, I with the yellow shark, and 6 with the clear nose skate) with an in vitro method described in detail elsewhere (2) . Two pairs of electrodes were used, one pair for sending current across the mucosa, the other for measuring the PD. to use the mucosa after cutting away the external muscle layers. The muscle layers of these elasmobranch stomachs were more difficult to remove than in the case of the frog stomach. Muscle layers of the ray were more difficult to remove than those of the skate. Higher secretory rates were obtained with ska,tes, perhaps because of less injury during the dissection. The average wet weight of the mucosa for the skates was go mg cme2 (range 7 I-I 03), that for the rays, g2 mg crnm2 (range 79-9% h h w ic is about half that found by Hogben for the do$ish (5). The wet weight of the mucosa for the one sharkcwas 327 mg cm-2. In one ray the whole stomach was used and the wet weight was 330 mg cm-? The average water content of the mucosa was 82.2 % (range 78-86).
The experiments were conducted in an airconditioned laboratory maintained at a mean temperature of 21 C.
RESULTS
In six experiments (I ray, 5 skates) adequate secretory rates were obtained.
The maximum secretory rate ranged from 0.65 to 2.7 PEq hr+ cm-". Histamine had no clear effect, but methacholine did. Before methacholine the average PD for these experiments was +2.2 mv, with a range of from -2.2 to + I 2 mv, and after methacholine the average PD was +6.4 mv, with a range from +I to +10.5 mv (+ = nutrient positive). In two of these experiments the spontaneous secretory rate was less than 0.1 PEq hr-i cmm2, and addition of methacholine to the nutrient solution (final concn., IO-" M) resulted in the establishment of secretory rates of 0.65 (Fig. 2D) and 1.0 FEq hr-l cm-2 ( Fig. 2F) , and an increase in the PD of 5.4 and 2.5 mv and a decrease in resistance of 70 and 81 ohms cm2, respectively.
In one experiment with secretory solution on both sides and with air as the gas, methacholine addition to the nutrient resulted in a small increase in PD and a small decrease in resistance, and the establishment of secretion at a level of 0.3 PEq hr-l cme2. Regular nutrient solution was then placed on the nutrient side and the gas was changed to g5 % 02-5 % COZ. This was followed by a marked increase in hydrogen ion secretory rate, an increase in PD of about 6 mv, and a decrease in resistance of g2 ohms cm2 (Fig. 2G) .
In three experiments (one shown in Fig. 2R ) in which there was a sizeable spontaneous secretory rate, methacholine produced an increase in the secretory rate, a decrease in resistance, and a small initial increase in the PD (range 0.5-1~5 mv) which was followed by a decrease. In the only ray with a secretory rate greater than o. 12 PEq hr-l cm -2, the spontaneous rate was 0~4 PEq hr-l cme2. After methacholine the secretory rate increased to 0.8 PEq hr-l cme2 for about I 5 min and then decreased to a level less than o. IO &q hr+ cmB2. The increase in secretory rate was accompanied by a change in PD of from + I .o mv to 2. I mv and a decrease in resistance of from 224 to I 93 ohms cm 2. As the secretory rate declined the PD decreased to 3-0.4 mv and the resistance increased to 280 ohms cm?
In only one experiment was the addition of glucose (Fig. 2F) followed by an effect, and in this case it resulted in an increase in the secretory rate and changes in PD and resistance. In two experiments (one shown in Fig. 2C ) thiocyanate was added to the nutrient solution (final concn., 1 oe2 M), and it produced a decrease in the secretory rate to zero and an increase in the PD and resistance. 
SECRETION IN ELASMOBRANCH STOMACH IO93
In two experiments the effect of cutting off the oxygen supply was determined (one shown in Fig. 2 E) . Secretory solution was placed on both sides and the preparation was gassed with air. Circulation of fluid through the chambers was interrupted during the period indicated in the figure. This was followed by a decrease in the PD and an increase in resistance. Recirculation of aerated fluid resulted in the return of both PD and resistance to their former levels.
The PD/resistance ratio, the calculated short-circuit current, increased when the secretory rate increased from an initial low level, as is evident in Figs. zA, D, F, and G. The average value for the calculated short-circuit current at the low level of secretion in these four experiments was 21.5 pamp cmA2 (range g-26) and, after the increase in secretory rate the average maximum value was 49.8 pamp cmW2 (range 29-69). In these four experiments the average resistance was xgg ohms cm2 (range I 77-235).
The average decrease in resistance was 66 ohms cm2 (range 33-95).
In five experiments (I shark, I skate, and 3 rays, including the ray in which the whole stomach was used) the total range of the PD was between -4,3 and + 7.6 mv and was within 2 mv of zero during 80 YO of the time. The maximum hydrogen ion secretory rate was less than o. 13 PEq hr+ cm -2. Addition of histamine, methacholine, glucose, or adrenaline to the nutrient solution over a wide range of concentration had no clear effect in the five experiments.
DISCUSSION
It is clear from the six experiments in which appreciable secretory rates were obtained that changes in secretory rate are accompanied by changes in the PD and in the resistance. Both the PD and the secretory rate were about one-third of those of the frog stomach (2) . The I9W results are qualitatively similar to those on both the dog and frog stomach.
The present results can be explained on the basis of the author's separate mechanism theory of HCl production (Fig. I) by assuming that Rr, the resistance in the Cl-limb of the circuit, is considerably lower than Rs, the resistance in the H+ ion limb of the circuit (2) . For example, assume that R1 = 200 ohms cm2, R2 = 1,000 ohms cm2, the PD = +5.0 mv, and the current flow = 50 pamps cm2 (corresponding to a secretory rate of 1.86 PEq hr-r cmY2). The calculated values for EL and E2 would then be 15 mv and 45 mv, respectively. One might then anticipate a resting PD of about 15 mv, since, in the absence of H+ ion secretion, E2 would not be present. However, this assumes that the gastric stimulant has no effect on the Cl-ion transport mechanism. As discussed elsewhere (2) , in order to explain an increase in PD and short-circuit current, occurring with the onset of secretion, it is necessary within the framework of the separate mechanism theory to postulate a stimulation of the Cl-ion transport mechanism, i. e., a decrease of R1 and/or an increase in El. On this basis, El could be considerably less in the resting than in the secreting stomach, and hence the PD of the resting stomach of the skate could be considerably lower than 15 mv. The results in the present experiments are somewhat different than those reported by Hogben (5). However, Hogben used a different species of elasmobranch, and it is possible that there is a species difference.
Hogben, on the other hand, did not explore the effect of changes of the secretory rate on the PD and on the resistance. Further experiments on the dogfish are needed to determine whether the relationships between the secretory rate and the other parameters, during periods of marked changes in secretory rate, are similar to those in the present studv.
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